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Abstract—This paper proposes a new method for mapping is realized by selecting suitable target surface according to

a tissue surface model onto an arbitrary target surface while the tissue shape. However, there are few mapping methods

preserving the geometrical features of the tissue surface. In our  gatisfying the three requirements.

method, firstly, the tissue model is roughly deformed by using

Self-organizing Deformable Model. Since the deformed model In this paper, we propose a new method for mapping a

may contain folded patches, the folded patches are removed. tissue surface model onto an arbitrary target surface while

Moreover, by Free-Form Deformation (FFD), and the area- and  preserving the geometrical features of the original tissue

angle-preserving mapping, the model is mapped onto the target model. The proposed method uses Self-organizing Deformable

S“”;aclel:""h”e prese?"”g g_eom?trllcal plic’pe"'es of the Iogglrt]r?lt Model (SDM) [3], [4], which is a deformable model guided

model. From several experimental results, we can conclude tha . : e

the proposed method can map tissue models onto arbitrary target by competitive learning and an energy m'.mmlzatlo.n approach.

surface without foldovers. The SDM allows to move some vertices included in the SDM
toward specific points on the target surface and to choose
arbitrary shapes for both the SDM and target surface.

. INTRODUCTION _ ) _
On the contrary, when the SDM is applied to the brain

Recent medical imaging devices can provide high resolusurface model, multiple patches in the model may be projected
tion medical images. Tissue models generated by the imagesmto the limited area of the target surface. When the model
are used in support systems for diagnosis and treatment [1¢ontain such overlap, called foldover, the mapping between
One technique using the models is to find the relationshiphe model and the target surface is not bijective. To avoid the
and similarity between the models of a target tissue. Eackoldover, the original SDM algorithm [3] introduces certain
tissue has fairly consistent shape while the shape varies acrogghniques, however, does not necessarily guarantee foldover-
individuals. By analyzing many shape patterns of the tissue, iee mapping. Matsui et al. [4] incorporated Least-squares
statistical shape model (SSM) is build to identify the consid-Meshes (LSM) into the SDM algorithm. In the LSM method,
erable natural variability of the tissue. Because of the shapg matrix is employed to represent the point correspondence
prior information which SSM provides, recent works show thatbetween the model and the target surface. The model is
SSM-based techniques have obtained considerable successdigformed by the inverse matrix. Since the matrix consists
the tissue detection from medical images [2]. of all vertices in the model, the computation of the inverse

- - ._,matrix increases exponentially when the model has a large
The fundamental process for building SSM is to EStabllsr’humber of vertices. IF\)/Ioreoveryto perform LSM, a user neegs

the correspondence between the models. Generally, tnangulgc; specify point correspondences between the model and the

mesh models of the tissue have different number of vertice rget surface. In case of the brain surface with complex shape,

and different topology. The correspondence problem become’%l : ;
complex in the case of the tissue with complex shape suc any point correspondences are needed to avoid the foldovers.

as the human brain. One solution for this problem is to map To solve the problems, in our method, the tissue model
the models onto a target surface with simple shape includings roughly deformed by using the original SDM deformation,
a plane and a sphere. Since the target surface is described &¥d folded patches are removed from the deformed model.
a simple parametric function, such mapping-based approadiloreover, by Free-Form Deformation (FFD), and the area-
allows to easily determine the correspondences on the targghd angle-preserving mapping, the model is mapped onto the
surface through the parameters in the function. target surface while preserving geometrical properties of the

To achieve this, the mapping method needs to guarante%rlglnal model.

one-to-one correspondence between the model and the target

surface while preserving the original geometric properties II. TISSUE MODEL MAPPING BASED ONSDM

as far as possible. To compare the models effectively, it is

desirable to control the mapping so that anatomical features This section explains the detail of the proposed mapping
involved in the model are constrained to lie at specific locamethod. Here, we describe several definitions used in our
tions on the target surface. Moreover, if the mapping dealgnethod. Given a vertex;, the 1-ring regiori¥; of v; is defined
with arbitrary shape, the effective mapping of tissue modeldy a set of the patch,(c” (k=1,2,--- ,Nél)) which have
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the vertexw;. ngi) denotes the number of patches contained
in the 1-ring region.
lattice space

A. Self-organizing Deformable Model ~_ e

The SDM is a deformable mesh model represented by
triangular patches. A target surface is represented by a set of -
points on the surface, called control points. Arbitrary shapes deformed brain surface
can be chosen for both the SDM and target surface, and the
size of a target surface is sufficient to cover the initial SDM,
provided that the SDM and the target surface have the same
topological type. Feature vertices are the vertices which corre-
Spond to Specific locations on the target surface, and the contrbig- 1. Movement of feature vertices using FFD.Red and blue points are the

points close to the locations are the corresponding points of th§ature vertex and its corresponding point.

feature vertices. In the SDM algorithm, a given mesh modelrhe yse of FFD enables the local surface deformation with-

is deformed to fit to the target surface by competitive leaming, ;i foldovers. Owing to this reason, the feature vertices are

and minimizing an energy function. See the ref [3] in deta"efficiently moved to their corresponding points by applying

of the SDM algorithm. FFD with the local area where the feature vertices and their
neighbor vertices exist.

B. Foldover removal .
To apply FFD, for each feature vertex, 3D control lattice

When a brain surface model is mapped onto a given targefround v* and its corresponding poinp* is generated as
surface by using the original SDM algorithm, the deformedshown in Fig. 1. The local FFD coordinate system is defined
brain model may contain a foldover. The foldover is removedby three vectorsS, T', U which are orthogonal each other. The
based on the method proposed by Athanasiadis et al. [5]. Sincgis S is defined byS = I(p* —v*) (I : an odd number). The
the method in [5] dealt with only a spherical surface as a targedixis T is the vector selected from the vectors orthogonal to
surface. We extend the method in [5] to apply to target surfacg. The axisU is obtained by the cross product SfandT.
with arbitrary shape. The magnitude ofl’ andU is set to(l — 1)(p* — v*).

The foldover occurs when a vertex is not included in  To facilitate manipulation of the FFD coordinate system,
its 1-ring region. Considering this, the foldover is removedthe axesS,T,U are uniformly divided into a grid by the
by moving the vertices to within their 1-ring region. This distance betweew* and p*. The control lattice comprises
movement is made by moving each vertex forward the [ grid points along theS axis, andl — 1 grid points along

location computed by the axesT” and U (Fig. 1). The global coordinat& (a, b, c)
(@) (i) (0<a<l, 0<bc<l-—1) of the(a,b,c)-th grid point is
o >k Auw, Cy given by
Zk Awk C

b
K(a,b,c):X0+ES+—T+

l -1 l—lU ®)

whereAE_f;Z andC,E,i) is, respectively, the area and centroid of a ] o :
patchwl(j) included in the 1-ring region of the vertax. The yvhlere Xo 18 ﬂée f_orl%ln Of. th? F*Flz C}(;ordlnate sygtein,iand
function ¢ is used to map the moved vertex onto the targeftS l0cation is defined satisfying* = (h.h,h) andp* =
surface. In our method, the vertexis moved to the control £ (7+1,2,h) (h = 57) as follows:

oint p closest to the vertex, angl is formulated b 1 1 1
pointp ko y Xo=v' —h(;8+ =T+ —U). 4)
B Ipll ) l -1 [—1
¢(v) = mv 2) The local coordinatés, t, «) of an arbitrary pointy in the grid

is expressed by
v=Xo+sS+tT+uU. 5)

where||y|| is the norm of a vectoy.

In the process of removing the foldover, all vertices are
moved by Eq.(1) and (2). The removal process is repeated

; - Using the grid pointsp* is moved to coincide with its
until all vertices are not moved.

corresponding poinp*. Sincev* = K (h,h,h) and p* =

) ) . K(h+1,h,h), the movement is made by the FFD deformation
C. Movement of feature vertices with Free-Form Deformation,sing only K (i, h, h):

By using the original SDM algorithm, feature vertices are 1
mapped to the locations of their corresponding points on the K(h,h,h) < K(h,h,h) + B (6)
target surface. However, in the foldover removal described in . 1 1
Sec. II-B, all the vertices are moved to achieve foldover-free B = Ij,(sux) X Iy~ (tox) X I}, (uos); (1)
deformation of the tissue model. After the removal process, the m
feature vertices may be far from their corresponding points. I\ = ( )(1 — )T (8)
To correct the positions of the feature vertices, Free-Form "

Deformation(FFD) [6] is used which deforms a mesh modelwhere (s,., t,«, u,«) IS the location ofv* in the FFD coor-
by deforming the space in which the model is embeddeddinate system. The movement using Eq.(6) causes the local
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deformation of the model included in the lattice concurrently.
The positions of the vertices in the lattice are updated by

b= I.(s)Y L)Y I (wK(a,be).  (9)

b c

temporal lobe central sulcus

The algorithm for moving the feature vertices is as follows:

[F1] For each feature vertices Fig. 2. A simple brain surface:(left: front, middle: top, right: left side)

a) Generate the FFD coordinate system and the

grid points. whered? is one angle of the patci.
b) gllnoa/e(g?ll vertices within the grid by Egs. (6) The distortion metrick is formulated as a linear combina-
: i t fEa'rca dEan e
[F2] Map the vertices on the target surface by Eg. (2). ion o an gt
[F3] If all feature vertices is satisfied witlip* — v*| < E(o) = uE. .. 1— WE. 0 . 16
7(7 : threshold), the process is terminated. Otherwise (0) = #Barea + (1= 1) Eangie ;eu’g)’ (16)

return Step.F1.
e(i, U) = l”pearea(ia 0) + (1 - H)eangle (i7 U) (17)

where is a scaling factor to adjust the ranges of the two
After the movement of feature vertices process, the tissugnetrics. When a weight coefficient (0 < u < 1) increases,
model is deformed to preserve the original geometric properthe property of the distortion metri& change from angle to
ties as far as possible. This deformation is based on an arearea-preservation. Therefore, the area- and/or angle-preserving
and angle-preserving mapping. The definition of each mappinghapping is determined by minimizing the distortion metric in
is described by the example of mapping one triangular mesgq. (16).
model DV onto a given parameter domain*. Here, the i ) ) _
mapped model on the domasr is denoted ad*. __Applying a greedy algorithm with Eq.(17), the minimiza-
) o ) tion is the optimization problem of positioning the vertices in
_An area-preserving mapping is the mappingD" — D*  the model by moving them repeatedly. Practically, for each
if the area of each patcH,, in D" is the same as that of the vertexw,, the suitable next position af; is selected from its
corresponding patclr(4,,) in D*. When the total area of .gndidates,”) (k=1,2,---,N") obtained by
DY is the same as that @*, the area-preserving mapping g T

I1l. GEOMETRICAL FEATURE PRESERVING MAPPING

is determined by minimizing the distortion metric of the area o™ =, + a(u,(f) — v;) (18)
[71: _ o Z
Barea(0) = Y (0(Aw) — Au)>. (10)  wherea (0 < o < 1) is a coefficient, ands_” is the vertex
weDW connected tov; by one edge. To prevent the foldover, the

movement ofv; is limited within its 1-ring region. Among the

However, in our method, the surface area of the madél is candidatesy; is moved to the candidate with minimum error

not always equal to that of the mapped mo@¥l. Instead of

Eqg. (10), we define a objective function by in Eq.(17).
The algorithm for area- and angle-preserving mapping is
Ay Ay
Eureal0) = Y ) o(Aw) (11)  as follows:
Zw DWU(Aw) Zw DWAw
weDW S [S
N . [A1l] Choose randomly the vertex from all the vertices
~ Zewea(z» 0); (12) except the feature vertices.
i [A2] Compute the position candidates of the chosen vertex
Careali, o) = by using Eq. (18).
o(A o) A o [A3] Move the vertex to the candidate with minimum error
Z ‘ Wy _ Wy . (13) in Eq.(l?).
w®ew; LuPew, o(A,0) X 0ew, Ayw [A4] Ifall vertices don't moved, go to Step. Al. Otherwise,
k ‘ go to Step. AS.

[A5] Map the vertices on the target surface by Eq. (2).
An angle-preserving mapping is the mapping D" —
D* if the angle of each pair of intersecting arcs ™" is
the same as that of the corresponding arcsDih [7]. In IV.  EXPERIMENTS
our method, the angle-preserving mapping is determined by

minimizing the distortion metric of the angle: To verify the applicability of our proposed method, we

made the experiments using 6 brain surface models and a
B o) = e i,0); 14 target surface shown in Fig. 2. The target surface, called a

angle() ; angie (i, 7) (14) simple brain, has the simplified shape of a human brain. In the
experiment, 11 feature vertices are selected from longitudinal

) 3 J 4 fissure of cerebrum, lateral sulcus and central sulcus. The
Cangle(i,0) = Y > lo(#,) = 0,0l (15 parameters  in Step.F3 and in Eq. (18) is set tor = 0.01
w?ew, d=0 anda = 0.1, respectively.
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Fig. 3. (a) brain surface model and (b-e) the resulting model by the proposed method: (b) the movement of feature vertices; (c) the area- and (d) angle-preserving
mapping; (e) the area- and angle-preserving mapping. Red and blue points are the feature vertices and their corresponding points. Green points denote the feature
vertices completely coincided with their corresponding points.

The mapping results of the brain surface model are shown =1, 2
in Fig. 3. Fig. 3(b) show the resulting model by performing =)
the original SDM algorithm and the processes of removing ®
the foldover (Sec. 1I-B) and moving the feature vertices by
FFD (Sec. II-C). All the mapped brain models are completely
fitted to the target surface without foldovers. while locating
the feature vertices at their target position correctly. Our area- -
and/or angle-preserving mapping is applied to the model in -t ‘ —
Fig. 3(b). Fig.3(c) and Fig. 3(d) show the resulting models by T weaewr T e T
the mapping which preserve area and angle alone, respectively.
Fig. 3(e) shows the resulting model obtained by the distortion
metric (Eq.16) with the parametgr = 0.5. In this case, the Fig. 4. Error distributions in areas and angles by the proposed mapping
mapping leads to the preservation of areas and angles. method. black: without geometrical process, rgd:= 0, blue: 4 = 0.5,

reen:y = 1.

To evaluate our area- and/or angle-preserving mappingg, :
we studied the error distrubtions in areas and angles by t
three types of the maapings. The error functign., for area-
preservation is formulated by

Aw + l U(Aw)
o(A,) S A,

Z
G
e
o
a

Density

S—~—

(a) area error (b) angle error

hf%ldovers. Moreover, the model is deformed to preserve area
and angle before and after mapping. From the experimental
results, our method can map a brain model on a target surface
g = Lwewo(Aw) while both controlling feature vertices position and keeping
geometrical features without foldovers.

€area = S - 2a

EwEW14w '
(19)
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